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Standard Guide for
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Ceramic Materials by Gas Adsorption 1

This standard is issued under the fixed designation C 1251; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This guide is intended to direct interested investigators
to existing ASTM Test Methods that may be useful for
determination of surface area of advanced ceramic materials.
1.2 This guide is not intended to endorse any particular test

method or methods; nor does it intend to include all existing
test methods that may be applicable. It shall be the option of
the investigator to judge whether or not one or more of the
listed test methods is appropriate for use with the materials of
interest.
1.3 All numerical values shall be stated in terms of SI units

and shall be considered as standard unless specific instrumen-
tation software reports surface area using alternate units. In this
case, both reported and equivalent SI units shall be presented in
the final written report. Many instruments report surface area
as square metres per gram, instead of using the correct SI units
square metre per kilogram.
1.4 This standard does not purport to address all of the

safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:
C 1069 Test Method for Specific Surface Area of Alumina
or Quartz by Nitrogen Adsorption2

D 3037 Test Methods for Carbon Black—Surface Area by
Nitrogen Adsorption3

D 3663 Test Method for Surface Area of Catalysts4

D 4365 Test Method for Determining Zeolite Area of a
Catalyst4

D 4567 Test Method for Single-Point Determination of
Specific SurfaceArea of Catalysts Using Nitrogen Adsorp-
tion by Continuous Flow Method4

D 4820 Test Methods for Carbon Black—Surface Area by

Multipoint BET Nitrogen Adsorption3

D 1993 Test Method for Precipitated Silica-Surface Area by
Multipoint BET Nitrogen Adsorption3

3. Terminology

3.1 Definitions:
3.1.1 guide, n—a series of options or instructions that do not

recommend a specific course of action.
3.1.2 surface area, n—the total area of the surface of a

powder or solid including both external and accessible internal
surfaces (from voids, cracks, open porosity, and fissures).
3.1.2.1Discussion—The area may be calculated by the BET

(Brunauer, Emmett, and Teller) equation from gas adsorption
data obtained under specific conditions. It is useful to express
this value as the specific surface area, for example, surface area
per unit weight of sample (m2/g).
3.1.3 surface area (BET), n—the total surface area of a solid

calculated by the BET equation, from nitrogen adsorption or
desorption data obtained under specific conditions.
3.1.4 surface area, specific, n—the area, per unit mass of a

granular or powdered or formed porous solid, of all external
plus internal surfaces that are accessible to a penetrating gas or
liquid.
3.1.5 Consult definitions in the referenced documents.

4. Summary of Referenced Test Methods

4.1 Test Method C 1069, for Specific Surface Area of Alu-
mina or Quartz by Nitrogen Adsorption—This test method
pertains to the determination of multipoint and single-point
specific surface area of aluminas and silicas used in the
manufacture of ceramics. This test method is under the
jurisdiction of ASTM Committee C-21 on Ceramic Whitew-
ares and Related Products and is the direct responsibility of
SubcommitteeC 21.07 on Nonplastics.
4.2 Test Methods D 3037, for Carbon Black—Surface Area

by Nitrogen Adsorption—These test methods pertain to the
determination of the single-point specific surface area of
carbon blacks. These test methods are under the jurisdiction of
ASTM Committee D-24 on Carbon Blacks and are the direct
responsibility of Subcommittee D 24.21 on Adsorptive Prop-
erties of Carbon Black.
4.3 Test Method D 3663, for Surface Area of Catalysts—

This test method pertains to the determination of multipoint
specific surface area of catalysts that exhibit Type II and Type
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IV nitrogen isotherms. This test method is under the jurisdic-
tion of ASTM Committee D-32 on Catalysts and is the direct
responsibility of Subcommittee D 32.01 on Physical-Chemical
Properties.
4.4 Test Method D 4365, for Determining Zeolite Area of a

Catalyst—This test method pertains to the determination of the
total area of a catalyst assignable to micropores. This test
method is under the jurisdiction of ASTM Committee D-32 on
Catalysts and is the direct responsibility of Subcommittee D
32.01 on Physical-Chemical Properties.
4.5 Test Method D 4567, for Single-Point Determination of

Specific Surface Area of Catalysts Using Nitrogen Adsorption
by Continuous Flow Method—This test method pertains to the
determination of the single-point specific surface area of
catalysts and catalyst carriers that exhibit Type II and Type IV
nitrogen isotherms. This test method is under the jurisdiction of
ASTM Committee D-32 on Catalysts and is the direct respon-
sibility of Subcommittee D 32.01 on Physical-Chemical Prop-
erties.
4.6 Test Methods D 4820, for Carbon Black—Surface Area

by Multipoint BET Nitrogen Adsorption—Pertains to the de-
termination of multipoint specific surface area of carbon
blacks. This test method is under the jurisdiction of ASTM
Committee D-24 on Carbon Blacks and is the direct responsi-
bility of Subcommittee D 24.21 on Adsorptive Properties of
Carbon Blacks.
4.7 Test Method D 1993 for Precipitated Silica-Surface

Area by Multipoint BET Nitrogen Adsorption—This test
method pertains to the measurement of surface area of precipi-
tated hydrated silicas by the conventional BET theory of
multilayer gas adsorption behavior using multipoint determi-
nations. This test method is under the jurisdiction of ASTM
Committee D-11 on Rubber and is the direct responsibility of
Subcommittee D 11.20 on Compounding Materials and Proce-
dures.

5. Significance and Use

5.1 There are a number of existing test methods for the
determination of the specific surface area of materials that may
guide the investigator of advanced ceramics when developing

test methods for the materials of interest. This guide provides
a list of some (not necessarily all) of these test methods that
have been approved as standards.
5.2 This guide does not imply that the reference methods

may be used without changes to its application for the analysis
of advanced ceramic materials. It is written to assist the
investigator of advanced ceramics by directing attention to
existing ASTM test methods for surface area determination.

6. Procedure

6.1 Consult the referenced test methods that contain de-
scriptions of apparatus, reagents, procedures, and calculations
appropriate to applications specified by their respective scope
and intended use. Alteration of one, or more, of these aspects
of a chosen test method may be necessary when evaluating a
particular advanced ceramic powder. The investigator shall
determine which changes may be necessary and make them
accordingly. Any changes shall be noted in the report.
6.2 The referenced test methods can be used to determine

the internal and external surface of a powder or solid only after
these surfaces have been cleaned of any physically adsorbed
molecules. Such adsorbed species, for example, water or
organic volatiles, prevent adsorption of the gas probe mol-
ecules used to measure surface area. It is therefore necessary to
remove these adsorbed contaminants prior to surface area
analysis. Generally, such degassing is performed by evacuating
or flushing the sample. Degassing can be accelerated by using
elevated temperatures, provided no irreversible sample
changes occur. Typical minimum vacuum levels attained are
10−1 Pa. Typical flushing gases are helium, nitrogen, or a
mixture of the two. Degassing is complete when duplicate
surface area analyses produce results within expected instru-
ment repeatability limits, when a constant residual vapor
pressure is maintained upon isolation from the vacuum source,
or when flushing gas composition is unaffected while passing
over the sample.

7. Keywords

7.1 advanced ceramics; ceramics; specific surface area;
surface area
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This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
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